Background: Recently, 41 new genetic susceptibility loci for breast cancer risk were identified in a genomewide association study (GWAS) conducted in European descendants. Most of these risk variants have not been directly replicated in Asian populations.
Introduction
Genetic factors play a significant role in the etiology of breast cancer (1) (2) (3) (4) . To date, genome-wide association studies (GWAS) have identified approximately 67 genetic susceptibility risk loci for breast cancer (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . With a few exceptions (9, 13, 14, 16, 20) , most susceptibility loci were initially identified in GWAS conducted in Europeanancestry populations. Most, if not all, of the initially reported risk variants, in the form of single-nucleotide polymorphisms (SNPs; termed as index SNPs in subsequent text), are tagging SNPs. These SNPs were identified likely through their linkage disequilibrium (LD) with disease variants. Because LD patterns differ across populations of different ancestries, some findings from GWAS conducted in European descendants cannot be directly extrapolated to other populations (20) (21) (22) (23) (24) (25) (26) (27) . We recently evaluated all breast cancer risk variants identified to date and found that approximately half of the risk variants identified initially in European descendants cannot be directly replicated in East Asians (28) . In the present study, we investigated 9 regions where the index SNP has not been replicated in Asian samples in an attempt to identify other breast cancer risk variants for East Asian women.
Materials and Methods

Study populations
This study was conducted as part of the Asia Breast Cancer Consortium (ABCC), which has been described elsewhere (9, 13, 14, 18, 22, 28) . Briefly, samples analyzed in this study were from 8 epidemiologic studies in the ABCC (Table 1 (33) . In total, 12,377 cases and 13,780 controls were analyzed in the present study.
Genotyping and quality control
Stage 1 testing was conducted using existing data from 2 GWAS, wherein 5,285 Chinese women and 4,777 Korean women were genotyped primarily using the Affymetrix Genome-wide Human SNP Array 6.0. Genotyping protocols have been described elsewhere (9, 18, 20) . From the Chinese GWAS, we included 1 negative control and at least 3 positive quality control (QC) samples from the Coriell Cell Repositories in each of the 96-well plates for genotyping with Affymetrix SNP Array 6.0 chips. A total of 273 positive QC samples were successfully genotyped; the average concordance rate was 99.9% with a median value of 100%. Genetically identical and unexpected duplicate samples were excluded, as they were close relatives with a pair-wise proportion of identify-bydescent (IBD) estimate greater than 0.25. All samples with a call rate less than 95% were excluded. SNPs were excluded if: (i) minor allele frequency (MAF) < 1%; (ii) call rate < 95%; or (iii) genotyping concordance rate < 95% in QC samples. The final dataset included 2,918 cases and 2,324 controls for 690,947 markers. For the Korean GWAS, the Affymetrix SNP Array 6.0 was used (20) . A total of 30 QC samples were successfully genotyped; the average concordance rate was 99.8%. SNPs were excluded if: (i) genotype call rate < 95%; (ii) MAF < 1% in either cases or controls; (iii) evidence for deviation from Hardy-Weinberg equilibrium (HWE) at P < 10 À6 ; or (iv) poor genotyping cluster plot in either cases or controls. After QC filtering, the final dataset included 2,165 cases and 2,052 controls for 555,525 markers. All samples from both studies were genetically confirmed to be females.
We used the program MACH 1.0 (34) to impute genotypes for autosomal SNPs in HapMap Phase II release 22 for samples from the Chinese and Korean GWAS. Only SNPs with imputation quality score RSQR ! 0.3 were included in subsequent analyses. Dosage data for imputed SNPs in samples from each of the stage 1 studies were analyzed using the program mach2dat (34) .
We genotyped 9 selected SNPs in stage 2 using the iPLEX MassARRAY platform (Sequenom). PCR primers (20) . Therefore, population substructure, if present, should not substantially affect the results of this study. Logistic regression was used to estimate breast cancer risk under a log-additive model and adjusted for age and study site, when appropriate ORs associated with each SNP and 95% confidence intervals (CI) were estimated for cancer risk. Conditional analyses were conducted by adjusting the index SNP in each locus to evaluate possible independent association of breast cancer with the SNP under study. All analyses were conducted using SAS version 9.3 (SAS Institute Inc.) unless noted otherwise. Table 2 presents the associations of 9 index SNPs with breast cancer risk from the Chinese and Korean GWAS (stage 1). Results from the original GWAS of Europeanancestry populations are shown, also. None of these index SNPs were associated with breast cancer risk at P < 0.05 in our study. To search for other possible variants in these regions which could be associated with breast cancer risk, we selected an SNP from each of these regions for further evaluation. In each region, we selected an SNP that showed the most significant association with breast cancer risk and is located within AE500kb of the index SNP of that region (Table 3) .
Results
Stage 1 and 2 results for the 9 selected SNPs are presented in Table 3 . SNPs rs1419026 at 6q14 and rs941827 at 10q25 showed an association with breast cancer risk at P < 0.05 in the same direction in both stages. In the combined analysis of 12,377 breast cancer cases and 13,780 control women, per allele ORs were 1.07 (95% CI, 1.03-1.12; P ¼ 3.0 Â 10 À4 ) and 0.92 (95% CI, 0.89-0.96; P ¼ 5.3 Â 10 À5 ) for rs1419026 and rs941827, respectively. The association of rs1419026 with breast cancer risk was, in general, consistent across participating studies and heterogeneity test was not statistically significant (P ¼ 0.675). The association of breast cancer risk with rs941827 was substantially stronger in the Nagano study (OR, 0.72; 95% CI, 0.58-0.89; P ¼ 0.002) than other 7 studies combined (OR, 0.93; 95% CI, 0.89-0.97; P ¼ 3.8 Â 10
À4
; P heterogeneity ¼ 0.027). After excluding the Nagano study, the heterogeneity test was no longer statistically significant (P ¼ 0.103). Table 3 . Associations of breast cancer risk with SNPs selected for this study Conditional analyses for rs1419026 and rs941827 were conducted by adjusting the index SNP in each of these loci. These analyses were conducted using stage 1 samples with data available for both new and index SNPs. The association with rs941827 at 10q25 remained statistically significant after adjusting for index SNP rs7904519 (OR, 0.88; 95% CI, 0.82-0.93; P ¼ 5.3 Â 10
À5
; data now shown in tables). However, the significant association with rs1419026 disappeared after adjusting for its index SNP rs17529111 (OR, 1.05; 95% CI, 0.96-1.15; P ¼ 0.293). SNPs rs1419026 and rs941827 were associated with both estrogen receptor (ER)þ and ERÀ cancer (Table 4) .
Nominally significant associations were also observed for 2 other SNPs (rs821287 and rs10278902) in stage 2. However, the direction of the association for these 2 SNPs was inconsistent in stages 1 and 2, and thus these 2 SNPs were considered not being replicated in this study.
Discussion
In this large study conducted in East Asian women, we identified a new genetic risk variant for breast cancer at 10q25, a breast cancer susceptibility locus identified recently in a GWAS of European descendants (19) . We also found an SNP (rs1419026) at 6q14 that showed a stronger association with breast cancer risk in East Asians than the index SNP (rs17529111) initially identified in this locus in a GWAS conducted among European descendants. Our study has expanded the list of breast cancer risk variants identified for East Asian women and provides data that might be useful in fine-mapping GWASidentified regions to identify causal variants for this common malignancy.
The index SNP rs7904519 at 10q25 was not replicated in our study. The risk allele frequency is very low in East Asian women (0.045) compared with European descendants (0.405). In the present study, we found a significant association of breast cancer risk with SNP rs941827, with an effective allele frequency of 0.26 in East Asian women and 0.29 in Europeans. These 2 SNPs are not correlated (r 2 < 0.03 in either CEU or CHB þ JPT samples). The index SNP (rs7904519) is located in intron 3 of the TCF7L2 gene (NM_030756). The SNP identified in our study (rs941827) is located in intron 7 of the vesicle transport through interaction with t-SNAREs homolog 1A (yeast) (VTI1A) gene (NM_145206), approximately 215 kb upstream of rs7904519. The VT11A gene encodes a soluble N-ethylmaleimide-sensitive fusion protein attachment protein receptor (SNARE) that mediates the transport of vesicles between the Golgi apparatus and the plasma membrane (36, 37) . The potential role of the VTI1A protein in breast carcinogenesis remains unknown. Intriguingly, SNPs rs941827 and rs7904519 are included in a 420-to 540-kb region that has been found to be deleted in some breast and colorectal cancer samples (38, 39) . This deletion causes a VTI1A-TCF7L2 fusion, which may affect the regulatory function of the TCF/b-catenin complex on the Wnt signaling (40) . Further studies are needed to clarify the mechanism of the association of VTI1A variants and breast cancer risk identified in this study.
In our study, some imputed SNPs could not be investigated properly because of their low imputation quality in stage 1. Some of the index SNPs evaluated in stage 1 showed an association in the same direction as reported previously in the European-ancestry study, although the association was not statistically significant perhaps due to a small sample size. In addition, we selected only one SNP per locus for stage 2 replication because of budget constraints. It is possible that additional risk variants may be located in some of these regions and can be further investigated in the future. Nevertheless, using data from East Asian women, we identified one new genetic risk variant at 10q25 for breast cancer. We also identified a risk variant at 6q14 that showed a stronger association with breast cancer in East Asians than the index SNP initially discovered in this region in a GWAS conducted in European descendants. These results are new and should be helpful for future studies to understand the genetic basis for breast cancer.
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